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ABSTRACT

This study was carried out at the Strawbesry and Non-Traditional Crops
Research Station, Nabaria, Behaira Govemorate during the two successive seasons
2000 / 2001 and 2001/2002. The aim of this study was to investigate the effects of
cuitivar, nursery planting system and nursery plant spacing on the subsequent
vegetative growth characters, yield and fruit quality of fresh strawberry plantations.
Resulls demenstrated that leaf area and roof length increased significantly in
Camarosa as compared with Sweet Charlie cultivar. On the other hand, number of
roots increased significantly in Sweet Charlie than Camarosa in the two tested
seasons. Results showed also that producing strawberry transplants on raised beds
increased significantly number of leaves/plant, leaf area, number of roots and root
length than those obtained from flat planting method. Significant increment inall
studied growth characters was observed with increasing nursery plant spacing in the
two seasons except number of leaves in the second season which was insignificant.
Transplant of Sweet Charlie produced on raised beds at the largest plant spacing
nursery showed significant increments in roots number.  Moreover, those of
Comarcsa on raised beds at the largest spacings showed the longest roots,
Significant increments were noticed in total yield and average fruit weight for
Camarosa cultivar as compared with those of Sweet Charlie. On the other hand,
Sweet Chartie reflected significant increase in eary yield and TSS as compared with
Camarosa in the two tested seasons. Transplants produced from raised beds
reflected significant increments in early and total yield and average fruit weight in both
tested seasons. The widest nursery spacing (2m) reflected significant enhancement
on early and total yield and, average fruit weight in the twe growing seasons. Swest
Charlie transplants that grown on raised beds in the widest nursery spacing gave the
highest early yield. Camarosa transplants produced from raised bed showed the
greatest mean value of total yield and average fruit weight. Sweet Charlie produced
from flat or raised beds nurseries showed significantly higher TSS as compared with
Camarosa produced in either flat or raised beds. Results showed also that Sweet
Charlie transplanis produced on flat or raised beds at all used spacings gave the
highest values of total and reducing sugars and ascorbic acid in the fruiting fields
while Camarosa planted on raised beds at all spacings showed the highest total
acidity in the fruits. The results confimed the potential of intensive strawberry
transplant production on raised beds wilh the use of large mother plant spacing.
Keywords: Strawberry, Transplants quality, Subsequent yield, Fruit quality.

INTRODUCTION

Annual soil -mulched strawberry in Egypt has received significant
attention in the last few years since this production technique was developed
to induce early and high quality fruit production for exportation. Transplant
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quality can have a major effect on the productivity of strawberry. Reekie et af.
(2002) found that increasing plant height subjected petioles to break during
transportation and planting, whereas, leaf tissue damage can adversely affect
crop earliness and significantly decrease overall strawberry fruit yield. Dana
(1980) reported that up to 50- 90% of the strawberry roots are concentrated
in the upper 10-15 ¢m of the soil.

Crown size at planting and the effect of chilling temperatures on
nursery production fields have shown to influence earty season yield of
strawberry (Chandler et al, 1989; Kirschbaum et al, 1998, Ragab et al.,
2000}, However the influences of nursery planting system and mother plants
(Super Elity densittes on subsequent strawberry yields have not been
determined. Strawberry cultivars varied in average fruit weight and early and
total yield as found by Libek (2002) and Khalaf (2003). In this respect,
Camarosa yielded higher than Sweet Charlie as reported by ligin et af.
(2002). Some strawberry growers did not pay much attention to the plant
size. Nevertheless, the crown diameter of the plants which strongly influence
production could be improved from § to 36 % by using plants with a large
crown diameter {Faby, 1997, Meesters and Ptsioudis, 1997). Galletta and
Bringhurst (1990} pointed out to the importance of the reserve storage
capacity measured as crown diameter and crown weight. Palha et af. (2002)
found that there was a positive relationship suggests that the production of
the first fruits is depended on the plant carbohydrate status existed in the
thicker transplants at digging, and confirms the importance of the guality of
strawberry plants in the winter planting system. Caglar and Paydas (2002)
reported that significant differences were detected among some strawberry
cultivars in fruit firmress, TSS and acidity.

The objectives of this work were to investigate the effects of cultivar,
nursery planting system and nursery spacings on subsequent vegetative
growth characters, yield and fruit quality of fresh strawberry plantations

MATERIALS AND METHODS

This study was carried out at the Strawberry and Non-Traditional
Crops Research Station, Nobaria, Behaira Governorate during the two
successive seasons 2000/2001 and 2001/2002. The objectives of this work
were to investigate the effects of cuitivar, transplants produced under two
planting systems, i.e., raised or flat beds, and different nursery spacings and
their interaction on subsequent vegetative growth characters, yield and fruit
quality of soil-muiched strawberry plantations planted under low tunnels.

In the former paper, sixteen nursery treatments (combination among
2 cultivars, 2 nursery planting systems and 4 spacings} were carried out,
After digging, marketable transplants (crown diameter more than 0.5¢cm) were
randomly taken from all above mentioned nursery treatments. Transplants
were immediately transplanted on 17 and 22 September in the two seasons
respectively in a split split plot design with three replications. The main plots
were assigned to the two cultivars, i.e., Sweet Charlie and Camarosa, while
the sub-plots were allocated to transplants from the two nursery planting
systems, i.e, flat and raised beds, and the sub-sub-plots were occupied by
the transplants from different nursery spacings, ie., 1.0, 1.251.5and 2 m.
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Each sub—sub plot consisted of four beds each 10m long and 120 cm width
with 50 cm between beds. Each bed has 4 rows at within row spacing of 30
cm and distance between piants was 25 cm apan. Plot area was 68m>. On
QOctober 15, beds were covered with 40 micron plastic mulch with 180 cm
width. in November, the plants were covered with 80 micron plastic tunnels
(70 cm height and 220 cm width). Sprinkler irrigation took place in the first
month after planting, then drip irrigation was used after mulching until the end
of the season. The soil texture was sandy with pH 7.8 and EC 1.06. All
replicates received similar agricuitural practices as regards cultivation,
fertilization, irrigation, pest and disease control as commonly followed in the
district. Data on vegetative growth, yield and its components and physical
and chemical fruit characteristics were recorded as follows:

1-Vegetative growth characters: Random samples of ten plants from each

“experimental plot were taken after 50 days from planting and number of
leaves, leaf area, number and length of rocls were recorded.

2- Early and total yleld: Early yield was determined from each experimental
piot as weight of all harvested fruits during November, December and
Januzry moanths. All harvested fruits collected from each plot all over the
season were weighed as total vield. Averages early and total yield per
feddan were then calculated.

3- Fruit characteristics: Random samgles of 25 fruits from each
experimental plot were taken after 6 weeks from the first harvest and
average fruit weight were then calculated. Total soluble solid content was
recorded in five full ripe fruits using the hand refractometer. Total titratable
acidity and ascorbic acid content were determined in ten fruits according
to the methods described in Association of Official Agricultural Chemists
(1990). Total and reducing sugars were determined by the method
described by Shales and Schales {1945).

4- Statistical analysls: Analysis of data was done according to Duncan
(19885).

RESULTS AND DISCUSSION

1- Vegetative growth characters :

Itis clear from results presented in Table (1) that significant increments in leaf
area and root length were observed for Camarosa plants as compared with
those of Sweet Charlie. While Sweet Chariie plants showed a significant
increase in number of roots as compared with the other tested cultivar. As for
the main effect of nursery plant system, results indicated that establishment
of nursery on raised beds reflected significant increments in number of
leaves, leaf area, number of roots and root length in the two tested seasons.
These resuits agree with those of Dana (1980). The enhancing effect of the
afore-mentioned treatment could be expected since raised beds reflected
promoting effects on the morphology andfor physiology of root system which
in turn encouraged the vegetative growth to go forward. As respect to the
main effect of mother plant spacing, results showed that number of leaves
was not affected with nursery spacing in the two tested seasons. On the other
and, there were significant increments in leaf area, number of roots and root
length of plants with increasing nursery plant distance.
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Table (1): Main effects of cultivar, nursery planting system and mother
plant spacing on number of leaves, leaf area, number of
roots and root length of strawberry plants,

Cultivar  [Planting Nursery No, of Leaf area No. of Root length
systemn spacing | leaves/plant | {cm®) | Roots/plant {cm)
2000/2001 ]
sC 15.38a 4589b | 34.65a 18.66b !
c 16.00a %2.17a_ | 3027b Z1.26a |
F 13.73b 45.15b 29.58b 17.90b _{
| Rp 17.65a 52 92a 35.34a 22.02a
D1 15.26a 44.66¢ 30.27b 16.71d
| D2 1588a | 48198p 30.7%b | 193¢ y
} D3 1568a | 50.83a 32400 | 20 29b
| D4 16.18a | 52463 36.39a | 23.70a
| 2001/2002
|8 | I55% 4683b | 3473 | 19.030 |
c 16.28a 52.63a 30.86b 22.25a
F | 13.46b 45.88b 30.06b 18.26b
~_Rp 18.33a 53 58a 35.53a 23023 |
D1 15.423 44.97¢ 29.92d 18.71d
D2 15.98a 43.72b w 31.85¢ 15.81¢
D3 | 15.98a 5122ap | 3347p | 21.40b
D4 | 182fa | 5401a | 35048 24.64a

Any means within column followed by the same letter are not statistically different at 5%
level {Duncan’s multiple range test).

D1=1.0m D2=1.25m D3=1.50m D4=20m

SC= Sweet Charlie € =Camarosa F =Flat Rb = Raised bed

Results in Table (2} showed that the interaction between cullivar and
planting system was significant, the highest values of numter of leaves were
detected for Sweet Charlie or Camarosa when transplants produced on
raised beds were used. The lowest value of eaf area was obtained from
Sweet Charlie plants grown from transplants produced by flat bed planting
sysiem. This decrement was significant in the first year. The highest number
of roots was detected to Sweet Charlie plants grown from transplants
produced on raised bed in two tested seasons. The high number of roots may
help in root structure and reflect high content of carbohydrates stored in roots
which may affect positively plant growth and productivity as mentioned by
Dana (1980). Results showed also that the highest values of root length was
cbtained from Camarosa planted with transplants produced on raised beds in
the two tested seasons. Such increment in root iength increased average fruit
weight and explained the increase of total yield of this cultivar as shown from
Table (5).

As for the interaction among the three studied factors, results
presented in Table (3) showed clearly that the highest values of number of
leaves were obtained from Camarosa plants which planted with transplants
produced from raised beds at all different distances in both tested seasons.
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Table (2): Effects of the interaction between each two factors of cultivar,
nursery planting system and mother plant spacing on
number of leaves, leaf area, number of roots and root length

of transplants. _
rCultivar Planting | Nursery No. of Leafarea| No.of Root length
system | spacing |leaves/plant | {cm?) | Roots/plant {cm)
200072001 3
F 13600 | 39.72b 31.850 16.73d
% RG 7.6 | 5207a 37.46a 20500 |
c F 13,850 50502 27.33c 19.07¢
Rb 18.14a 53783 33.200 23.45a
D1 14.770 42.03¢ 33520 16.17¢
sc D2 15.38ab 47.22b 32.1362 18.83¢
03 15.43ab 35.700 33780 19.00C
Da 15 63ab 47 620 39.162 | 20,630
D1 15.75ab 47.280 27.03d | 17 25d
¢ D2 15.97ab 49170 29.45cd 19.43¢
03 15.88ab £445a 31.02bc 21.58b
D4 1638a | 57.30a 33.600 28.77a
D1 1327b__ | 41.530 29.25b 15551
F D2 13.43p 43.80d 28.65b 16.93¢
03 14.13p 46 72c 28.73b 18020 |
D4 14 070 48.53c 31.72¢0 21.08¢
D1 17.252 47.78¢ 31.30¢h 17 B7de
Rb 02 17.92a 52.58b 32.93bc 21.33¢
03 17.18a %4.93ab 36.07b 22.570
D4 18.25a 56.382 41.07a 26.32a
2001/2002
o F 12080 | 4097a 32.09b 17.02d
Ro 180532 52.68ab 37.37a 21,03b
c F 13340 50790 28.02¢ 18.50¢
Rb 18.622 54 472 33.69b 25.01a
DI 12,200 43.72¢ 33.18b 15.92g
s¢ 02 15.80ab 47.08bc 32,976 18.95¢
D3 15.85ab 48.73b¢ 34 13b 19.97de
D4 1§.22ab 43.78b 3863a 21.27¢
o] 16.83a 45.226c 26.65d 17.501
c 02 16.172b 5037b 30.73¢ 20.67¢
D3 16.12ab 55.70a 32.60b 22.830
D4 16.20ab 58.23a 33.45b 28.02a
[a]] 12.20b 43.05¢ 29.75d 15.38f
¢ D2 13920 4382 30.13d 17.42e
D3 13.820 47 08ge 30.02d 19.00d
D4 13.92b 49.58¢d 30.33d 21.23¢
D1 18.63a 46.98de 30.080 18.03de
Rb D2 18.05a 53.63bc 33.57¢ 22.20c
D3 18.152 55.35ab 36.72b 23.800
D4 18 502 58.43a 41758 28.052

Any means within column followed by the same letter are not statlstically dlfferent at 5%
level. {Duncan's multipte range test).

D1=21.0m D2=125m D3=150m D4=20m

5C= Sweet Charlie C =Camarosa F =Flat Rb = Raised bed
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Table (3): Effects of the interaction among cultivar, nursery planting
system and mother plant spacing on number of leaves, leaf
area, number of roots and root length of transplants.

. Planting No. of Leaf area No .of Root
" Cultivar | " tem | P°™" | jeavesiplant |  (cm?) Roots/plant |length {cm)
| 200/2001

D1 13.13¢ [ 38.00f 32.50c- 14.77h
e D2 13.20¢ | 41.20f 30.47d-h 16.27gh

D3 | 1430c | _ 3870f 30.02-h 16.73gh

sC D4 13.77¢__ | 4097 34.40b-d 191 3ef
D1 18.40b 48.07de 34.53b-d 17.571g

Rb 02 17.57ab 53.23bc 33.80b-8 21.40cd
D3 16.57ab | 54.70ab 37.53bc 21.27cde

D4 | 1810ab |  54.27b 43.97a 22.13be

D1 13.40¢c 45.07e 28.00h 16.33gh
F 02 13.57¢ 48.40de 26.83gh 17.80fg

D3 1387 54.73ab 27.43fgh | 19.30def |

c 04 14.37¢ 58.10ab 29.03e-h 23.030¢
D1 i8.10ab 46.50cd 28.07fgh 18.17ig
Rb D2 18.27a0 51.9%c¢ 32.07d-g 21.27¢cde

| D3 17.80ab 55.17ab 34.80b¢d 23 87b

[ Da 18 40a 58.50a 38170 30,504

2001/2002

D1 10.43¢ 40.07f 33.57de 14.80f

F D2 1387b | 35.90f 31.83da 16.83hi

D3 13.80b 40.33f 31.23ef 17.93ghi

sc D4 13.83b 4360ef | 31.73de 18.90fg
D1 17.97a 47.37de 32.80de 17.23ghi

b D2 17.73a 54.27bC 34.10cd 21.270e

D3 17.90a 53.13bcd | 37.03b 22.00cd

D4 | 18.60a 55.97ab 45.53a 23.63¢

01 13.97b 46.03ef 25.93h 18.17ij

E D2 13.97b 47 73cde 28.43q 18.20fgh

D3 13.83b 53.83bcd 28.80ig 20.07ef

c D4 14.00b 55.57ab 28.93fg 2357¢

D1 19.30a 46.40ef 27.37gh 18.831g

Rb D2 18.37a 53.00bcd 33.03de 23.13¢

D3 18.40a 57.57ab 36.40bc 25.60b

D4 18.40a 80.90a 37.97b 32.47a

Any means within column followed by the same letter are not statistically different at
5% level. {Duncan’s multiple range test).

Di=1.0m D2=1.26m D3=1.50m D4 =2.0m

SC= Sweet Charlie C =Camarosa F =Flat Rb = Ralsed bed

Concerning leaf area, the lowest values were detected to Sweet
Chartie planted with transplants produced on flat bed nursery at alt used
nursery spacing. On the other hand, the highest values were recorded to
Sweet Charlie or Camarosa planted with transplants preduced on raised bed
from the two widest spacing.

Regarding number of roots, results of the two seasons showed
clearly thatthe highest values were obtained from Sweet Charlie plants
which planted with transplants produced on raised beds at 2 m plant spacing.
With respect to the effect of cultivar, nursery pianting system and nursery
spacing on root length throughout the production period, results in Table (3)
indicated that the best combination treatment that gave the highest mean
value of root length was appeared to be that involved Camarosa planted with
transplants from raised beds produced atthe largest plant spacing {2m ) in
the two tested seasons.
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2- Early and total yield, average fruit weight and total soluble solids

Data in Table (4) showed the effects of the three main factors, ie.,
cultivar, nursery planting method and nursery plant spacing, on yieid and
some fruit characters in the production stage. The results clearly indicated
that there was higher significant increments in total yield and average fruit
weight for Camarosa cultivar as compared with Sweet Charlie. Similar
findings were found by ligin (2002) On the other hand, Sweet Charie
refiected significant inc'ease in early yield and TSS as compared with
Camarosa in the two tested seasons. Similar results were obtained by Caglar
and Paydas (2002), Libek (2002) and Khalaf (2003;. Results showed aiso
that using transplants from raised bed showed significant increments in early
ang total yield, average fruit weight and TSS in the two tested seasons. The
increment was non-significant for TSS in the first seascn. Such detected
enhancing effects might be related to the role of ridging on activity of plant
growth and crown diameter and carbohydrate content of roots and crowns of
transplant which correlated positively wit~ ,ield s mentioned by Chandller et
al. (1989), Kirschbaum ef al. (1998) and Ragab et al (2000). In Table (4)
results showed also that the widest nursery spacing (2m) reflected significant
enhancement on early and total yieid, average fruit weight in the two growing
seasons. Such results confirm those of Reekiie et al {(2002). Transplants
produced from D3 and D2 gave the lowest values of TSS in the first and
second season, respectively.

Table (4): Main effects of cultivar, nursery planting system and mother
plant spacing on early and, total yield, average, fruit weight,
and total soluble solids.

Planting | Nursery | Early yietd = Total yleld | Average fruit

Cultivar system | spacing | (tonffed) | ({tonffed.) | welght({g) 158 %
20002001
SC 2.71a 16.23b 19.67b 10.15a
C 2280 22.802 25.63a 9.55b
F 2.150 17.87b 21,490 9.82a
Rb 2.85a 21,382 23.81a 9.88a
D1 2.29d 18 13d 20.2¢ 9.88a
D2 241ic 18.90¢ 21.81¢ 9.86ab
D3 2.51b 19.99b 23.43b 3.77b
D4 2.7%a 21.03a 2535 9.8%a
200172062
sC 4] 282a 16.97b 20.390 10.24a
) 2.45b 23.08a 27.40a 9.50b
F 2270 18.260 22.50b 9.75b
Rb 3.048 21.8a 25.252a 9.9%
D1 2.42d 15.18d 21.65d 9.80p
D2 2.54¢ 18.75¢ 22.9%4¢c 9.83ab
03 2.75b 21 330 24.24b 9.93a
D4 2.923 24.84a 26 78a 9.93a

Any means within column followed by the same letter are not statistically different at
§% level. {Duncan’s multiple range test).

D1=10m D2=125m D3I=150m Dd=20m

SC= Sweet Charlie C =Camarosa F =Flat Rb = Ralsed bed
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The interaction between each two factors of the nursery studied
factors on early and total yield, average fruit weight and TSS are shown in
Tabile (5).

Table {5): Effects of the interaction between each two factors of cultivar, nursery
planting system and mother plant spacing on early and total yield,
average fruit weight, and total soluble solids.

, Planting | Nursery | Early yield | Total yleld | Average fruit =
Ciflthvar system | spacing | (tonffed.) | (ton/fed.) welght (g) 788 % 7;
2000/2001 |
sC F 2230 | 14.34c 18.73a 10.11a 1
Rb 321a___| 18.13b 2061a 10 19a |
‘ c F 208b__ | 21.00b 24.24a 9.53b |
{ _Rb 2.45b 24.60a 27.01a 958h |
i D1 2.47bcd 14.74f 17.67¢ 10.15a |
sc D2 2.615¢C 15.66el_ 18.62€ 10.13a
D3 2.71ab 16.65de 20.35de 10.13a
D4 308a 17.68d 22.05cd 10.18a
b1 212 21.52¢ 22.73cd 862b
c D2 1 - ed 21.95b¢ 24.6bc 9.59b
— D3 [ <30bcd | 2335ab 26.52ab 9.40¢
D4 7 #0bed 24 38a 28 65a 9.60b
D1 1556 18.29h RERED 9.85ab
£ D2 2 08e 17.13g 20.7 3de 9.83ab
b3 2.18de 18.12¢ 22.23cd 9.73b
D4 2.38cde 19.15d 24b¢ §.85ab
D1 2.60bed 19.98e 21.42d 9.92a
/b 02 2.74bcC 20.68f 22.48cd §.88ab
D3 2.84ab 21.88D 24.63b 9.80ab
D4 3.21a 22.91a 28.7a 9.93a
200172002
F 2 345 15.19d 19.44a 10.13a
SC Rb 3.30a 18.76C 21.34a 10.34a
f 2.20D 21.33b 25.57a 9.38¢c
c Rb 2.78b 24.85a 29.24a 9.630
o]} 2.625¢ 14.74f 18.52¢ 10.150
D2 2.72abc 15.868f 19.72de 10.23ab
D3 2.85ab 16.65de 20.68de 10.32a
S5C D4 3.10a 17.68d 22.65¢d 10.25ab
D1 2.220 21.52¢ 24.78bC 9.450
c b2 2.36¢d 21.95b¢ 26.17bC 9.43d
b3 2.64bC 23.35ab 27.80ab 9.53cd
D4 2.76ab 24.38a | 30.87a 9 60c
D1 2.050 17.10g 20.377 9.67e
F D2 2.18ef 17.68f 21.65¢ ©.72de
03 2.34de 18.61e 22.67de 9.83bcd
D4 2.50d 19.64d 25.33bc 9.80cde
D1 2.78¢ 20.65¢ 22.93d 9.93abe
Rb [oF 2.90) 21.04¢ 24.23¢C 9 95ab ]
D3 3.15ab 22.24b 25.82b 10.02a ]
D4 3.34a 23.27a 28.18a 10.06a |

Any means within column followed by the same letter are not statistlcaliy different at 5%

level. (Duncan's multiple range test),
D1=10m D2=125m D3=150m D4=2.0m

SC= Sweat Charlle C =Camarosa F = Flat Rb = Raised bed

Results showed that the interaction between cultivar and nursery
planting system affected early yield. Whereas, Sweet Charlie planted on
raised beds showed significantly the highest early yield in the two tested
seasons. As for interaction effect between cultivar and distances, results in
Table (5) showed that Sweet Charlie transplants that grown in the widest
nursery spacing gave plants which produced the highest early vield. Results
in Table (5)showed clearly that transplants grown on raised beds at 1.5 or 2
m spacing produced plants which showed the highest values of early yieid in
fruiting field. As for total yield, results in Table (5) indicated that Camarosa
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transplants produced from raised bed gave plants produced the greatest
value of total yield on the other hands, Sweet Charlie combined with flat bed
showed the lowest values. Camarosa cultivar gave the highest total yield and
average frut weight when planted with transplants established at 2 m apart in
the nursery. Similar results were obtained by Meesters and Ptsioudis (1997)
and Ragab ef al. (2000). Planting on raised beds in widest spacing in the
nursery showed tha highest values of total yield as weil as average fiuit
weight.

As for TSS, Sweet Charlie plants produced from ftat or raised bed
nurseries showed significantly higher TSS as compared with Camarosa
produced in eitner flat ar raised beds (Table 5). Results showed also that
using Sweet Charlie transplants produced at all plant distances showed the
highest TSS. On the other hand, Camarosa plant produced from all nursery
spacing gave the lowest TSS. With respect to the seccnd degree of
interaction, results in Table (6) showed that Sweet Charlie mother plants
produced or raised beds at 2 m plant spacing gave the highest values cf
early yie.d in the two tested years.

Table (8): Effects of the inieraction among cultivar, nursery planting
system and mother plant spacing on early and total yield,
average fruit weight, and total scluble solids.

3 Planting | Nursery | Early yield | Total yieid | Average fruit o
Cutftvar system | spacing | {ton/fed.) | (ton/fed.) | weight{q) (9) TSS %
2000/2001 -
o1 2.0Z1 12681 17 2h 10 103
F D2 2.1%ef 13.83kl 17.83gh 10.10a
D3 2.20el 14,63k 18.11ah j0.07a |
sc D4 2.43¢H 1588 20.8efg 10.17a
1 2.92bcd 16.81hi 18.13gh 10.20a
Rb D2 3.03bc 17.81gh 18.41gh 10.17a
D3 3.14ab 18.41fq 21.6def 10.20a
374a 19.48ef 23 3cde 10.20a
1 1.96f 10 60del 20 77efgq 9.606c
F 2 1.971 20.35de 23.63cde 9.07bg
[ D3 2.07¢ef 21.35cd 25.37bc 9.40¢
¢ [oF] 2.32def 22.41bc | 27 2ab 9.53be
D1 2.28ef 23.15b 24 7bed 9.63b
Rb D2 2.48c-t 23.55b 25.57b¢c 9.50bc
D3 2.54b-8 25.35a 27 67ab 8.40c
D4 2.68b-e 26.34a 30.1a 987D
200172002
D1 — 216k 14.211 18.131 10.10BC
F D2 2.26) 14.53K! 19.03hi 10.17bc
3 2,351 15610k 18.33g00 10.200¢
sc 4 2751 16.42i1 27ghi | 10.07¢
.07d 17.35hi B.Ghi 10.20bc
Rb 2 3.18C 15.08h 20.4ghi 10.30ab
3 334b | _ 19.47g 2.0afgh 10.43a
14 3.62a 20.12fg 4.03del 10.43a
1 1,94 ~20.00fg 22.8efg 9.23¢
F H Z10k —20.84ef 24 26del 9.27e
03 2.341 21.62de 26cde 9.47d
¢ D4 | 2.44h 22.86¢d 29.4abc §.53d
D1 2.50gh_ 23.95bC 26.97ocd 9.67d
Rb 2 | 2.82t 24.20bc 28.07bc 9.60d
3 2.950 25.01b 29 6ab 9.60d
4 3.078 26.43a 32.33a 674

Any means within column folfowed by the same letter are not statistically different at 5%
level. (Duncan’s multiple rangs test).

D1=1.0m D2=1.25m D3=1.50m D4=20m

SC= Sweet Charlie C = Camarosa F = Fiat Rb = Raised bed
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Moreover, Camarosa planted on raised beds at 2 m recorded the
highest value of total yield and average fruit weight in both seasons. Such
increases in early or total yield could be related to the enhancing effects of
each involved factors on the development of vegetative growth, which
consequently increased the productivity per plant. Similar results were
obtained by Galletta and Bringhurst (1990), Faby (1897), Meesters and
Ptsioudis (1897} and Palha et al. (2002).

3- Chemical constituents of fruits:-

Resuits presented in Table (7) showed the main effect of the three
studied factors on the analyzed chemical constituents of the strawberry fruits.
The results of the two seasons showed that significant higher values in total
and reducing sugars and ascorbic acid content in Sweet Charlie fruits as
compared with those of Camarosa. On the other hand, total titratable acidity
was significantly higher in Camar »sa fruits when compared to those of Sweet
Charlie, in the two tested seasons. Similar results were obtained by Caglar
and Paydas (2002) and Khalaf (2003).

Table (7): Main effects of cultivar, nursery planting system and mother
plant spacing on total and, reducing sugars, total titratable
acidity and ascotbic acid content.

CumvarT Planting | Nursery sIZfr's Red”""lﬂ m.r':ttaatlne As{f:;?;g:; ]d
system | spacing 3 sugars % ° | acidlty % FW.) .
| N 200012001
sC 587a stia | o7 71.7%
c 4150 2176 0853 87.300
F 5412 2843 0800 B85% |
Ro 5412 2.64a 0.83a 70.052
D1 5.42a 263a 0.81d 88.940
02 5.43a 253a 0.81c 69.03¢
D3 539 2852 | 08w 89 680
D4 5412 2852 | 08z 70.42a
200172002 1
Tri 6.602 31438 | o78p 72992
¢ | 4170 2.18b 0.87a 6823
F 5.43a 266a 0.82b 69890 |
Rb 5.43a 2.64a 0.84a 71.32a
D 5.43a 2652 0.82¢ 70,690
02 5.43a 2.83a 0.84b 70.14C
03 5.43a 2.85a 083b 70.97a
D4 5.43a 2.68a 0.832 70.63b

Any means within column followed by the same letter are not statistically different at 5%
lavel. {Duncan's muitiple range test).

D1=1.0m D2=1.25m D3=1.50 m D4=20m

SC= Swest Charlle C = Camarosa F = Flat Rb = Ralsed bed
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As for the effect of nursery planting system on some fruit chemicai
constituents, results in Table {7) demonstrated clearly that it had no
significant effects on total and reducing sugars while significant increments in
total acidity and ascorbic were noticed as a result of raised bed plants in the
two growing seasons. As for the main effect of nursery planting spacing.
resuits In Table (7) indicated clearly that the four nursery spacing were not
significantly differec in their effects on total and reducing sugars of the fruits.
Meanwhile, increments in titratable acidity and ascorbic acid were obtained
by increasing plant spacing.

Cencerning the interaction between each two factors from the three
studied factors results in Table (8) showed that using Sweet Charlie
transplants produced either on flat or raised beds resulted in significant
increases in total and reducing sugars of fruits. On the other hand, the
interaction between cultivar and nursery planting system did not affect total
acidity in both tested season As for ascerbic acid content, it was significantly
affected in the second season ain: was not significantly affected by this
interaction in the first seascn.

It is clear from results presented in Tenle (8) (hat sweet Charlie fruiis
had significantly higher valuzcs in total and reducing sugars and ascorbic acid
content using all tested nursery pianting distances without significant
differences among them. On the other nand, Camarosa cultivar plants from
all nursery plant spacings had fruiis with the highest values of total acidity.
With respect to the interaction between nursery planting system and spacing,
results in Table (8) showed that it did not show any significant effect on total
and reducing sugars and asccrpic acid content in the two tested seasons,
except for ascorbic acid in the first season.

Regarding the interaction among the three studies factors, results in
Table (9) showed that the best treatment combinations which gave the
highest values of total and rzducing sugars was Sweet Charlie plants
procuced from transplants grown on either filat or raised bed nursery
combined with all nursery plant spacing in the two tested years. As for total
acidity, resuits demonstrated in Table (9) showed clearly that the highest
values were obtained from Camarosa cuitivar planted with transplants
produced on raised bed nurseries regardless piant distances in the two
experimental years. With regards ascorbic acid content, results tabulated in
Table (9) indicated that Sweet Chariie cultivar planted with transplants
produced on flat or raised bed nurseries atall tested plant spacings gave
higher values of ascorbic acid as compared with Comarosa combined with all
tested factors in both seasons.
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Table (B): Effects of the interaction between each two factors of cultivar,
nursery planting system and mother plant spacing on total
and reducing sugars, total titratable acidity and ascorbic acid

content.
Cultivar Planting | Nursery Total |Reducing| Total titratable | Ascorbic acid
system | spacing | sugars % |sugars % acidity % (mg/100g F.W.)
| | 2000/2001 |
| s F 6.66a 3122 | 077 70.95a
| Rb 6.68a 31a | 073 72.522 _l
c F 4 16b _2.160 ; 0.83a 67.03a 4
Rb 4.15b 2.188 0.882 67.57a !
D1 &.68a AL 0.77b 71.37a |
sc [ D2 6.7a .13 0.77b 71.253
. D3 6.65a 3.08a 0780 71.8a
N [ o4 6.63a 312a 0.78b 72.528
D1 4.158 2.15b 0.85a 86.52¢
c 02 4.15b 2.13b 0.85a 66.82¢C
D3 4.13b 2217b | 0.85a 67.57b¢ |
D4 4.18b 2.18b 0.86a £8.32b
Di 5.45a 2.65a 0.80b 83.63¢
F 02 5.43a 2.62 0.80b 68.47¢
D3 5.35a 2.63a 0.80b 69.07bc
04 5.4a 2.67a 0.81ab 69.8abc
D1 5.382 2.6a 0.82ab 69.25bc __l
Rb 02 542 2.67a 0.83a 69.8bc
D3 5.43a 287a |, 083 70.3ab
L 04 5 422 263a | 0.8% 71.0%2
[ 2001/2002
LA, sc F 8.7a 3.11a 0.77a __7228b
Rb 6.68a 3.14a 0.79a 7A7a
!— c F 4.15b 2.21a 0.85a 67.51¢
Rb 4.19b 2.14a 0.992 88.94c
D1 6.72a 3.13a Q.78p 72.98a
b2 8.63a 31a 0.78b 72.45a
SC 03 6.72a 3129 0780 73.250
D4 8.68a 3.15a 0.76b 73.27a
01 4.15b 2.17p 0.98a 68.4b
Dz 4.22b 2.15b 0.873 67.830
¢ D3 4,130 2.18b 0.87a 68 88b
Da 4.18b 220 0.78a 67 98b |
21 S.4da 2.85a {0.78ab 70.25
; 02 5453 2.62a 0.77b 89.33a
D3 5.42a 287a 0.77ab 70.48a
D4 5.43a 2.7a 0.79ab 69.5a
D1 547a 2.65a 0.78ab 7113a
D2 S.4a 2.63a 0.79ab 70.95
Rb 03 5.43a 2633 0.79ab 7145
D4 5.43a 2.65a 0.80a 71.75a
Any means within column followed by the same letter are not statlsticalty different at 5%
level. {Duncan’s multiple range test).
C1=10m D2=125m D3=1.50m D4=2.0m
5C= Sweet Charlle C = Camarosa F = Flat Rb = Raised bed
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Table (9): Effects of the interaction among cultivar, nursery planting
system and mother plant spacing on total and reducing
sugars, total titratable acidlty and ascorbic acid content.

: Ascorbic t
Cultivar Planting | Nursery Total Reducing | Total titratable acid
system | spacing | sugars % | sugars % acidity % {mg/100g
FW)
. 2000/2001 ‘I
G €73a 3.1a 2.78¢ 70.92d4 |
F 02 6.67a 3.13a 0.76¢ 70.93a-d
D3 6.6a 3.1a 0.77¢c 70.63a-d |
so D4 | 6.63a 3.13a 0.78¢ 71.33abc
D1 6.63a 3.1a 0.77¢ 71.83a0
Rb D2 6.73a 3.13a 0.78¢c 71.57abe
D3 6.7a 3.07a 0.79¢ | 72972
D4 | 683 3.1a 0.78¢ 7372
D1 4.17b 22b 0.83b 66.37e
= D2 4.2b 207b | 0.83b 66e
03 [ a4ib_|_ 217> | 0.82b 67.5de
c D4 4970 1 22 0.84b | 68.27cde |
D1 L _4.13b 2.1b ~ 0.37a | 66.67e |
Rb D2 4 1b 2.2b 0.37a 67.63de
D3 4.17b 2.27b 0.88a 67 63de
D4 4.2 2170 | 0.88a 68.37b-e
2001/2002
D1 6.7a 3.1a 0.78ef 72.1ab
£ b2 6.67ab 31a 0.78f 72.27ab
03 6.73a 3.1a 0.77ef 72.52b
sC D4 6.7a 3.13a 0.7%ef 72.23ab
D1 6.73a 3.17a 0.77ef 73.872
Rb b2 6.6 31a 0.7%ef 72.63ab
D3 6.7a 3.13a 0.79ef 74a
D4 8.67ab 3.17a 0.79% 74.3a
D1 4.1d 2.2b 0.85d €8.4bc
r D2 4.23¢ 2.13b 0.80bed 66.4¢
D3 4.1d 2.23b 0.85cd 68.47b¢
c D4 4.17¢d 2.27Db 0.80cd 66.77¢
D1 4.2¢ 2.13b 0.88abc 68.4bc
Rb D2 4.2c 217b 0.89ab 69.27bc
D3 4.17cd 2.13b 0.88a 68.9bc
D4 4.2¢ 2.13b 0.8%a 69.2bc

Any means within column foliowed by tha samse letter are not statistically different at 5%
level. {Duncan's multiple range test).

D1=21.Cm D2=1.25m D3=1.50m 04 =2.0m

SC= Sweet Charlie € = Camarosa F =Flat Rb = Raised bed
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